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Abstract: This study tested the influence of bulb fragments on the rejection potential of 

plantain ex-situ. The experimental set-up chosen was that of randomized complete blocks 

comprising 4 blocks and 4 treatments according to the weights of the minisets. Treatments 

were assigned to line plots under ex-situ conditions. They were made up of the following 

fragments: T0 (20g fragment), T1 (5g fragment), T2 (10g fragment), and T3 (15g fragment) 

at a rate of 150 minisets per treatment installed on a propagator in a greenhouse. For each 

bulb, 4, 17, 18 and 21 rejections were counted, respectively, for the control: T1 (5g 

fragment), T2 (10g fragment), T3 (15g fragment) and T0 (20g fragment). In the event of a 

shortage of planting material, the bulb can be cut into mini-pieces of around 10g, i.e., 2/4 of 

a bulb, in order to increase the rejection potential and thus produce planting material. 
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I. Introduction 
 

Bananas are of vital importance to the world's diet (Bezard et al., 2023). As for 

plantain, it is a staple food for many people in Central Africa in general and in the 

Democratic Republic of Congo in particular. Plantain is generally consumed after cooking 

and plays an important role in the social structure of many rural communities, as, in most 

cases, it becomes the sole source of income (Dhed'a et al., 2019; Bangata et al., 2023). 

However, the availability of healthy planting material in sufficient quantities is a 

crucial problem. Offshoots are often not physiologically homogeneous and are frequently 

contaminated by black weevils and nematodes (Sadom et al., 2010; Kone et al., 2011). 

The rapid production of planting material is one of the main concerns of many banana 

research programs. Various vegetative propagation techniques have been developed in vitro 

to produce massive quantities of plants: micropropagation from meristems grown in agar or 

liquid media, somatic embryogenesis, and embryogenic cell suspensions (Kwa, 2003).  

However, despite the success of these methods for multiplying banana plants used in 

industrial plantations, these in vitro techniques are not suitable for small-scale producers in 

southern countries, who are regularly faced with the problem of the availability of cuttings to 

create, replant or extend their banana plantations. A few in vivo nursery propagation 

techniques have made it possible to increase the rate of banana multiplication in the field. On 

the other hand, the production period for offshoots is long: it can take six to twelve months to 

obtain planting material. What is more, many buds formed on the mother plant remain 

unexploited (Lasourdière, 2007; Lyadunga et al., 2020; Molongo, 2022).  

Among the techniques used in situ are pseudo-stem bending, decapitations, of which 

false decapitation gave the best results, producing between 6 and 10 shoots per plant, and the 

bulb bursting technique. There are also forms of propagation used in vivo under horticultural 

soilless conditions, notably the miniset technique (Dhed'a et al., 2019). 
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To reduce these problems and optimize the exploitation of the banana's rejection 

potential, a new rapid multiplication technique has been developed by the Centre Africain de 

Recherches sur Bananiers et Plantains in Cameroon. It is called the PIF technique and is 

based on the use of planting material derived from stem fragments. The use of banana stem 

fragments makes it possible to activate latent buds to regenerate large quantities of healthy 

plants in relatively short timescales that can be adjusted to planting periods (Kwa & Temple, 

2019). 

In view of the above, this study has answered the question as to whether the use of bulb 

fragments or mini sets can produce enough offsets ex-situ for field planting. From this 

question, it would appear that the fragment would be capable of supplying the rejects under 

the conditions of Gbadolite in the Democratic Republic of Congo. The overall aim of this 

study was to assess the influence of mini-fragments on the potential for ex-situ rejection.   

 

II. Review of Literature 
 

2.1. Environment 

The present study was carried out in Gbadolite, in the province of Nord-Ubangi, in the 

Democratic Republic of Congo, at the Plateau des Professeurs of the University of Gbadolite 

in the Pangoma district in the commune of Gbadolite. According to GPS, the geographical 

coordinates of the site are as follows: 4°15'44'' Latitude North and 20° 59 5’’’  Longitude East 

with an altitude of 394.7 m.  

The relief of the town of Gbadolite is made up of plateaus, hills and plains, and the 

climate is of the Aw2 type according to Köppen's classification (FACET, 2010). The soil is 

clayey-sandy, rainfall is relatively abundant with an annual average of over 1,600 mm, and 

insolation is low, representing 45% of total tropical energy radiation (Molongo et al., 2015). 

The direct solar radiation intensity is 25 g calorie/cm²/minutes (Molongo et al., 2019). 

The vegetation in the town of Gbado-lite used to be evergreen equatorial rainforest. 

However, as a result of the anthropogenic effects exerted on this forest, the vegetation has 

been reshaped by savannah dominated by Imperata cylindrica, Pennisetum sp, Chromolaena 

odorata, Pannicum maximum and Mimosa pudica (Molongo et al., 2022). 

 

2.2 Materials 

The planting material used in this study was that of a traditional cultivar, Yongo 

(French type), according to the local name (Figure 1). 

 

 
Figure 1. Yongo cultivar (French type) 

 

2.2 Method 

The shoots were taken from mother plants in farmers' fields following macroscopic 

analysis and selection. They were trimmed, stripped and shelled. The stem explants thus 

produced according to treatments were dried for 48 hours under a shade canopy, in the open 

air, in a dry place before sowing (Ngo-Samnick, 2011). 
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The experimental set-up chosen was that of randomized complete blocks comprising 4 

blocks and 4 treatments according to the weights of the minisets. Treatments were assigned to 

plots in rows under ex-situ conditions. Treatments were made up of the following minisets: 

T0: 20 g; T1: 5 g or ¼ of a bulb; T2: 10 g or 2/4 of a bulb and T3; 15 g or ¾ of a bulb at a 

rate of 10 minisets per treatment installed on a propagator in a greenhouse, the shoots were 

weaned as shown in figure 2. 

 

  
Figure 2. The propagator 

 

The greenhouse temperature varied between 24 and 48°C during the day and between 

24 and 27°C at night for 3 months of experimentation. 

Observations were made on the following parameters: Day at 50% rejection and 

weaning in days; height of rejection weaned using the tape measure; diameter of cormus of 

rejection weaned by caliper, leaf area using the following formula 

 and the number of shoots formed per 

corm by counting. 

The data from this research were analyzed using SPSS Statistics IBM 20 software. The 

single-criterion Analysis of Variance classification without sampling and the Snedecort F test 

was used to identify the significant difference between treatments; the Tukey test was 

adopted to group treatments according to the power of rejection between treatments (Spiegel, 

1992). 

 

III. Results and Discussion 
 

3.1 Trade-in Rate 

The recovery rate is shown in Figure 3. 

 

 
Figure 3. Trade-in rate (in %) 
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This study shows that the recovery rate recorded varied between 50% (T1 or 5 g 

fragment) and 65% (T0 or 20 g fragment) under greenhouse conditions. The coefficient of 

variation was less than 30%, which means that recovery was homogeneous. The low rate 

during this recovery is justified by banana weevil infestation and other environmental causes. 

The analysis showed that there was no significant difference between treatments. 

 

3.2 Height of Weanlings 

The height was taken, and the result was recorded in Figure 4. 

 
Figure 4. Height of weaned rejects 

 

In this study, weaned shoots were found to vary in height from 20.2 cm to 25.7 cm. 

Miniset offspring were found to be similar in height to controls. This is justified by the fact 

that the fragments have a reserve of energy capable of producing plants as tall as those from 

unfragmented bulbs. Statistical analysis showed that there was no significant difference 

between treatments. The coefficient of variation was heterogeneous between controls and 

minisets. 

 

3.3 Number of Leaves at Weaning 

The number of leaves was counted, and the results are shown in Figure 5. 

 

 
Figure 5. Number of leaves at weaning 
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The figure shows that the number of leaves of weaned subjects varied between 3 and 4 

during this study. The analysis confirmed that there was no significant difference between 

these treatments. In other words, whatever the size of the propagation material, it ends up 

giving subjects with the same number of leaves.  

 

3.4 Corm Diameter of Weanlings 

The corm dimensions are shown in Figure 6. 

 

 
Figure 6. Corm diameter of weanlings 

 

The results in Figure 6 show that corm diameters ranged from 1.2 cm to 1.4 cm. The 

subjects with the smallest sprouts were those from 5 g minisets. Analysis showed that there 

was no significant difference between these treatments. 

 

3.5 Leaf area (in cm2) 

The leaf area was calculated, and the results are shown in Figure 7. 

 
Figure 7. Leaf area (in cm2) 

 

The results, as shown in Figure 8, show that the subjects with the largest leaf area are 

those from 20 g bulbs, i.e., control plants.  

 

3.6 Number of Shoots per Bulb 

The number of weaned releases was recorded in Figure 8. 
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Figure 8. Number of shoots per bulb 

 

Per bulb, 4, 17, 18 and 21 shoots were counted during this investigation, respectively, 

for minisets weighing 5g (T1), 10g (T2), 15g (T3) and 20g (T0). The number of offshoots 

was proportional to bulb weight, thanks to the bulb's food reserves, which promote the 

growth and development of offshoots. A small bulb with low food reserves is detrimental to 

the plantain bulb's potential for sprouting.  

 

3.7 Discussion  

The present study aims to observe the influence of bulb fragment weight on the 

rejection capacity of plantain ex-situ, with a view to overcoming the bottleneck in obtaining 

plantain planting material in farming environments. 

The recovery rate during this study could have been better in low-weight, 5g (T1) 

minisets due to insufficient food reserves capable of contributing to reject growth. The 

recovery rate in this study was lower than the 82.5% and 90% observed by Bangata et al. 

(2018). 

It was observed that weaned shoots ranged in height from 20.2 cm to 25.7 cm, with 

heights in the 14.50 cm and 33.22 cm range, respectively, for shoots steamed at 100°C for 10' 

and those steamed at 80°C for 1 minute (Molongo et al., 2023), a situation justified by the 

heat stimulation of this parameter. 

The number of leaves on weaned plants varied between 3 and 4 during the study. The 

number of leaves at weaning was between 3 and 5 per shoot, which were transplanted into 

polyethylene bags filled with potting soil and sawdust, watered and installed in a hardener 

before moving on to the nursery to alleviate stress and initiate rhizogenesis. Thanks to the 

root-leaf synergy, these leaves are able to lead independent lives. This situation corroborates 

that of Kwa (2003), according to whom weaning took place around 3 to 6 weeks later, when 

the plants formed had between three and five leaves. 

Corm diameter is between 1.2 cm and 1.4 cm, less than 2 and 3.3 cm (Bangata et al., 

2018). In this study, it was between 1.4 and 2.4 cm, as observed by Bangata et al. (2019); this 

situation is justified by the fact that the explants are of small size or weight. 

In the course of this study, 4 (T1 or 5g fragment), 17 (T2 or 10g fragment), 18 (T3 or 

15g fragment) and 21 (T0 or 20g fragment) shoots per bulb were counted using bulb 

fragmentation; a rate higher than 1 and 3 shoots per plant under peasant growing conditions; 

and 4 and 8 shoots per plant on average after application of false decapitation (Lassourdière, 

2007). Apart from the controls, which produced 21 shoots per bulb, our results are lower than 

20 and over 100 seedlings depending on the variety and level of PIF technical mastery (Kwa, 
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2003); buckling and steaming in relation to the temperature and steaming time pair (Molongo 

et al., 2015; Molongo et al., 2023) but higher than 3 and 5 shoots per mother plant obtained in 

the field after 13 to 18 months in traditional conditions (Boye et al., 2017). The upper end of 

production of treated rejects was higher than 11 and 17 obtained by Koné et al. (2011).  

We also note that the number of shoots produced evolves in the same direction as 

development parameters. This may be due to a correlation between the nutrient reserves 

present in the rhizome and the buds' need for development and growth (Kone et al., 2011). 

The analysis of variance and Snedecor test showed a significant difference between 

treatments; the Tukey test grouped treatments as follows: T1, T2, T3, and T0. In other words, 

the best treatment in this study was T0 (20 g fragment), which was no different in terms of 

rejection potential from T3 (15 g fragment) and T2 (10 g fragment); however, these were 

different from T1 (5 g fragment). 

 

IV. Conclusion 
 

The present study observed the effect of mini-fragment on the rejection potential of 

plantain ex-situ. In addition to the 20 g fragment controls, which produced 21 shoots per 

bulb, the results suggest that the fragments produced 4, 17 and 18 shoots per bulb, 

respectively, for T1 (5 g fragment), T2 (10 g fragment) and T3 (15 g fragment). It is, 

therefore, possible to circumvent this shortage by fragmenting bulbs when few shoots are 

available in order to increase the plantain's rejection capacity. 

Since banana is such an important crop, the response of this technique to different local 

substrates needs to be verified. 

 

References 
 

Bangata B., Gende B., Ngwibaba A., Ngbenelo N., Mobambo K., 2023. Revue de littérature 

sur les bananiers (Musa spp.) et les différents systèmes culturaux. Revue Congolaise 

des Sciences & Technologies ISSN: 2959-202X. Rev. Cong. Sci. Technol., Vol. 02, 

No. 01, pp. 233–279. 

Bangata B., Mobambo K., Kasongo M., Shungu D., Vuvu K., Vang P., Omondi A., Staver 

C., 2018. Evaluation du potentiel prolifératif de six cultivars de bananier (cv. AAB, 

ABB, et AAA) par macropropagation en République Démocratique du Congo. Journal 

of Applied Biosciences 127: 12770-12784. ISSN 1997-5902. 

Bangata B., Ngbenelo N., Mobambo K., 2019. Evaluation du potentiel de prolifération 

d’explants de différentes dimensions de bananier plantain (Musa sp. cv. AAB) par la 

macropropagation en conditions semicontrôlées. Revue Africaine d’Environnement et 

d’Agriculture 2019; 2(2), 25-31 http://www.rafea-congo.com. Dépôt légal: JL 3.01807-

57259. 

Bezard M., Hammouya D., Diman J-L., Lafontaine O-H., 2023. La méthode du PIF : 

multiplication et assainissement des plants de bananiers plantains à la ferme. NOV’AE 

Numéro Régulier 14. Pp 1-9. 

Boye M., Soko D., Lolo A., Akaffou E., Kouadio Y., 2017. Production de plants de bananier 

plantain Musa AAB var. Orishele par la Méthode DESHYPIF à partir des rejet-écailles 

et rejets baïonnettes. European Scientific Journal October 2017 edition Vol.13, No.30 

ISSN: 1857 – 7881 (Print) e – SSN 1857- 7431. Doi: 

10.19044/esj.2017.v13n30p96URL:http://dx.doi.org/10.19044/esj.2017.v13n30p96. 

Dhed’a D., Adheka G., Onautshu O., Swennen R., 2019. La culture des bananiers et plantains 

dans les zones agro-écologiques de la République Démocratique du Congo. Presse 

Universitaire UNIKIS, Kisangani, 72p. 



 
 

222 

FACET, 2010. Étendue et perte du couvert forestier en République démocratique du Congo. 

Publié par l’université d’État du Dakota du Sud, Brookings, Dakota du Sud, États-Unis 

d’Amérique ISBN : 978-0-9797182-5-0. 

Kone T., Kone M., Kone D., Traore S., Kouadio J. Y., 2011. Multiplication rapide du 

bananier plantain (Musa spp. AAB) in situ : une alternative pour la production en masse 

de rejets. Agronomie Africaine 23 (1) : 21 - 31. 

Kwa M., 2003. Activation de bourgeons latents et utilisation de fragments de tige du bananier 

pour la propagation en masse de plants en conditions horticoles in vivo. Fruits, 2003, 

vol. 58, p. 315–328 © 2003 Cirad/EDP Sciences All rights reserved DOI: 

10.1051/fruits:2003018. 

Lassourdière, A, 2007. Le bananier et sa culture. Quae, Versailles, 383 p. 

Lyadunga M., Mihigo R., Kasole H.,  Barhakenera B., Bugabo B., Ntamwira B., 2020. Etude 

comparative de la production de rejets par la méthode de macropropagation des quatre 

variétés de bananiers (Musa spp.) à Mushweshwe. International Journal of Innovation 

and Scientific Research ISSN 2351-8014 Vol. 47 No. 2, pp. 80-90. 

Molongo M., Magbukudua J-P., Ngbangu G., Monde G., 2015. Effet de flambage sur le 

pouvoir rejetonnant de quelques cultivars de bananier plantain (Musa sapientum L.) à 

Gbado-Lite, RD Congo. Annales de l’Institut Facultaire des Sciences Agronomiques de 

Yangambi, Vol. 4(2), 2015 : 142-155© 2015 Publications scientifiques, IFA-

Yangambi, République Démocratique du Congo. 

Molongo M., Muhammad R., Litucha J., Okungo A., Songbo M., Monde G., 2023. Influence 

of Temperature Couple and Steaming Time on the Viability of Plantain (Musa 

sapientum L.) Bulb in Kisangani, Democratic Republic of Congo. Budapest 

International Research in Exact Sciences (BirEx) Journal Volume 5, No 2, April 2023, 

Page: 140-150 e-ISSN: 2655-7827 (Online), p-ISSN: 2655-7835 (Print). DOI: 

https://doi.org/10.33258/birex.v5i1.7551. 

Molongo M., 2022. Effet de flambage sur le pouvoir rejetonnant de bananier plantain (Musa 

sapientum L.) in situ et perspectives d’avenir de la technique en République 

Démocratique du Congo. Editions Universitaires Européennes. ISSN 9786203444346. 

65p. 

Molongo M., Magbukudua J.P., Ngbangu G., Eboma W., Mongbenga G., Idikodingo F.,  Zua 

T., Ngor N., Songbo, M., Monde G., 2019. Effet de flambage sur le rendement de trois 

cultivars de bananier plantain (Musa sapientum L.) à Gbadolite en République 

Démocratique du Congo. Mouvements et Enjeux Sociaux, Revue de la chaire de 

dynamique sociale de Kinshasa. Numéro 111 : 21-27. 

Molongo M., Ngbolua N., Muhammad R., Taffouo V., Songbo K., Litucha B., Okungo L., 

Monde K., 2022. Effects of Compost and Buckling on the Rejection Capacity of 

Plantain (Musa sapientum L.) under the Eco-climatic Conditions of Gbado-Lite, 

Democratic Republic of the Congo. Britain International of Exact Sciences (BIoEx) 

Journal ISSN: 2686–1208 (Online), p. 2686–1216 (Print) Vol. 4, No. 3, 149–161. 

Ngo-Samnick E., 2011.   La collection Pro-Agro est une coédition d’Ingénieurs Sans 

Frontières Cameroun (ISF Cameroun) et du Centre technique de coopération agricole et 

rurale (CTA). CTA – P.O. Box 380 – 6700 AJ Wageningen – Pays-Bas – www.cta.int 

ISF Cameroun – BP 7105 - Douala-Bassa - Cameroun – www.isf-cameroun.org © 

CTA et ISF 2011 ISBN (CTA) : 978-92-9081-471-9. 

Sadom L., Tomekpé K., Folliot M., Côte F-X., 2010. Comparaison de l'efficacité de deux 

méthodes de multiplication rapide de plants de bananier à partir de l'étude des 

caractéristiques agronomiques d'un hybride de bananier plantain (Musa spp.). Fruits, 

2010, vol. 65, p. 3–9 © 2010 Cirad/EDP Sciences All rights reserved DOI: 

10.1051/fruits/2009036 www.fruits-journal.org. 


